























































































目した研究が多数報告されている(Guo et al., 2002; Marchand et al., 2005;








に大きく変化すること(Garrison etal., 1994; Guoeta上2007; Jinetal., 2003;
Piao et al., 2006; Takahashi et al., 2010)、星状月鋸田胞または小腸細胞の活性化
阻害薬を髄膜下投与すると神経因性痔痛が抑制されること(Guoeta上2007;
Melleret al., 1994; Milligan et al., 2000; Milligan et al., 2003; Piao et al., 2006;
Qin eta上, 2006; Ying etal., 2006)などが確認され、慢性痔痛と神経腸細胞との関
連性が注目されるようになってきた。また、神経腸細胞の活性化により、炎症
性サイトカイン(Clarketal.,2006;Guoetal.,2007; Kimeta上,2007)、プロスタ
グランジン(Zhao et al., 2007)、脳由来神経栄養因子(BDNF; Brain-derived
neurotrophic factor)(Coull et al., 2005)、 ATP (Inoue et al., 2007; Werry et al.,
2006)、 NO (Kim etal., 2007)、グルタミン酸(Watkinsetal., 2007)が放出され、
これらの化学伝達物質がニューロンの脱分極を調節することにより痔痛伝達に
修飾を加えていると考えられているが、その詳細なメカニズムの解明はまさに









(Honore et al., 2006; McGaraughtyet a上, 2007)から、 P2X7受容体と神経困性痔
痛との関係が注目されているが、その詳細なメカニズムは不明である。さらに、
P2X7受容体活性化後、 CXCL2 (Chemokine (C-X-C motif) ligand 2)やinterleukin
(IL)-1βなどのサイトカインの発現が克進し(Shiratorietal., 2010; Suzuki etal.,
2004; Takenouchi et al., 2009)、培養小腸細胞を用いた実験では、 P2X7受容体
の活性化後にtumor necrosis factor (TNF)-aの発現も瓦逢した(Suzuki et al.,
2004)。さらに、慢性痔痛がTNF-a括抗薬の投与によって抑制されること、末梢
神経および中枢神経においてTNF-aの発現が元進することなどから、 TNF-aが




経路の-つであるp38 MAPK (Mitogen-activated protein kinase)のリン酸化が起


































痔痛闇値を測定する行動試験は、 von Frey用ament (Toch-test Sensory
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受容体特異的括抗薬であるA438079 hydrochloride (3.5 mg/ml, TOCRIS










特異的括抗薬であるA438079 hydrochloride (3.5 mg/ml, TOCRIS Bioscience)ま
















































た。染色後、 Vectorsield (VectorLaboratories Inc., Burlingame, CA, USA)で封
入し、共焦点レーザー顕微鏡(Lsm5 Pascal; Carl Zeiss, Oberkochen, Germany)




光標識抗体法; 1:400;AbD, Serotec, Raleight, NC, USA) 、ウサギ抗TNF-a抗
体(蛍光標識抗体法1:1,200;AlomoneLabsLtd) 、ウサギ抗P2X7受容体抗体
(ABC法; 1:12,000,蛍光標識抗体法1:1,200AlomoneLabsLtd) 、マウス抗
NeuN抗体(蛍光標識抗体法; 1:3,000; Milipore Corporation Bed ford, MA, USA)
を用いた。また、二次抗体としてビオチン化抗ウサギ抗体(1:400;Vector
10
Laboratories Inc.) 、ビオチン化抗マウス抗体(1 :400; Vector Laboratories Inc) 、
Alexa Fluor488標識抗ウサギ抗体、 Alexa Fluor568標識抗マウス抗体(1:400;





叉神経中位核尾側核移行部および尾側核を含む(Paxinos and Watson,1982) 。
サンプルにTrizol reagent (1,000 jjl, Invitrogen, Carlsbad, CA, USA)を涛加し、
ホモジェナイザ-を用いて細胞を溶解した後、水中で30分放置した。その後、
RNeasyMiniKit(QIAGEN,東京)を用いてtotal RNAの抽出を行った。 RNA抽出
後、 Nanodrop (Terumo Scientific, Waltham, MA, USA)を用いて定量し、
ReverTraAce (東洋紡,大阪)を用いてcDNAを合成した。その後、P2X7Primer、
18s rRNA taqman probe (図4, App一ied Biosystems)、 SYBR Green Real-time
masterMix (Applied Biosystems)およびTaqMan㊥ Universal PCR Master Mix
(Applied Biosystems)を用いて、 P2X7受容体遺伝子の発現量をApplied












たRIPA buffer200 ¥i¥ (ナカライテスク)にサンプルを混ぜ、 Bradford protein





リン酸化p38 MAPK (p-p38 MAPK)抗体(1:1,000 Cell Signaling Technology,莱
京)、マウス抗ラットCDllb抗体(1:1,000AbD,Serotec)、二次抗体にはHRP
標識抗ウサギ抗体(1 :2,000 Amersham Bioscienses, Buckinghamshire,
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Time post BzATP injection
SB203580
図21 p38MAPKリン酸化阻害薬前投与によるBzATP投与後のEF50値の変化

























Time post BzATP infusion
図22　Etanercept前投与によるBzATP投与後のEF50値への影響
















































2001; Mi=gan etal., 2001; Mi=gan etal., 2003; Spataroetal., 2004)c　このよう
な健常側にも痛覚過敏が発現する現象は、 mirrorimage painと呼ばれており
33
























経傷害による神経因性痔痛が発現しない(Chessell et a上, 2005)、 P2X7受容体特
異的括抗薬を髄膜下授与すると坐骨神経傷害後の神経困性痔痛が抑制される


































授与すると慢性療病が抑制された(Schafers et al., 2003b; Sommeret a上2001;








知られている(Carpentieret al., 2008; OIson and M川er, 2004)。このTLRの括抗
薬投与またはsiRNAを用いたTLR4のノックダウンにより慢性痔痛が抑制され、
TNF-aの発現が抑制されることが報告されている(Obataetal., 2008a; Wu etal.,
2010)。また、神経傷害により活性化した小腸細胞にP2X4及びp2Y受容体が高
濃度に発現し、P2X4及びp2Y受容体ノックアウトマウスでは神経因性痔痛が著








いる(Fields and Burnstock, 2006; Surprenantet al., 1996)。このため、本研究で
はP2×7受容体作動薬としてBzATPを用いた。BzATP髄膜下投与後、whiskerpad
において投与後21日まで痔痛が発現した。しかし、 BzATPはその特異性を疑








































al., 2003; Jin etal., 2003; Milligan etal., 2003; Tsudaetal., 2004)ことから、 p38
MAPKは痔痛発現および維持に関与していると考えられてきた。さらに培養小
腸細胞において、p38MAPKリン酸化阻害薬によりATP誘発性のTNF-aの発現













































Bennett GJ, Xie YK (1988). A peripheral mononeuropathy in rat that produces
disorders of pain sensation like those seen in man. Pain 33(1):87-107.
Bianchi BR, Lynch KJ, Touma E, Niforatos W, Burgard EC, Alexander KM, et al.
(1999). Pharmacological characterization of recombinant human and rat P2X
receptor subtypes. Eur J Pharmaco1 376(1 -2);1 27-38.
Carpentier PA, Duncan DS, Miller SD (2008). Glial toll-like receptorsignaling in
central nervous system infection and autoimmunity. Brain Behav lmmun
22(2);140-7.
ChacurM, Mi=gan ED, Gazda LS, Armstrong C, Wang H, Tracey KJ et al.
(2001). A new model of sciatic inflammatory neuritis (SIN): induction of unilateral
and bilateral mechanical allodynia following acute unilateral perトsciatic immune
activation in rats. Pa/n 94(3):231 -44.
Chen Y, Zhang X, Wang C, Li G, Gu Y, Huang LY (2008). Activation of P2X7
receptors in glial satellite cells reduces pain through downregulation of P2X3
receptors in nociceptive neurons. Proc NatlAcad Sci U S A 105(43);16773-8.
Chessell IP, HatcherJP, Bountra C, Michel AD, Hughes JP, Green P, etal.
(2005). Disruption of the P2X7 punnoceptor gene abolishes chronic
inflammatory and neuropathic pain. Pain 1 14(3);386-96.
Clark AK, D'Aquisto F, Gentry C, Marchand F, McMahon SB, Malcangio M
(2006). Rapid coィゥIease of interleukin lbeta and caspase 1 in spina一 cord
inflammation. J Neurochem 99(3).'868-80.
Colburn RW, DeLeo JA (1999). The effect of penneural colchicine on nerve
injury-induced spinal glial activation and neuropathic pain behavior. Brain Res
Bu// 49(6);41 9-27.
42
Cou‖ JA, Beggs S, Boudreau D, Boivin D, Tsuda M, Inoue K, etal. (2005). BDNF
from microglia causes the shift in neuronal anion gradient underlying
neuropathic pain. A/aft/re 438(7070):1 01 7-21.
Dai Y, Iwata K, Kondo E, Morimoto T, Noguchi K (2001). A selective increase in
Fos expression in spinal dorsa川orn neurons fo一lowing graded thermal
stimulation in rats with experimental mononeuropathy. Pain 90(3):287-96.
Detloff MR, Fisher LC, McGaughy V, Longbrake EE, Popovich PG, Basso DM
(2008). Remote activation of microglia and pro-inflammatory cytokines predict
the onset and severity of below-一evel neuropathic pain after spinal cord injury in
rats. Exp Neurol 21 2(2):337-47.
Fields RD, Burnstock G (2006). Purinergic signalling in neuron-glia interactions.
Nat Rev Neurosci 7(6).-423-36.
Garrison CJ, Dougherty PM, Carlton SM (1994). GFAP expression in lumbar
spinal cord of naive and neuropathic rats treated with MK-801. Exp Neurol
1 29(2).-237-43.
Gudipaty L, Humphreys BD, Buell G, Dubyak GR (2001). Regulation of P2X(7)
nucleotide receptor function in human monocytes by extracellular ions and
receptor density. Am J Physiol Cell Physiol 280(4).牀943-53.
GuoW, Zou S, Guan Y, IkedaT, Tal M, Dubner R, et al. (2002). Tyrosine
phosphorylation of the NR2B subunit of the NMDA receptor in the spinal cord
durlng the development and maintenance of i州ammatory hyperalgesia. J
Neurosci 22(1 4)."6208-1 7.
GuoW, Wang H, Watanabe M, Shimizu K, Zou S, LaGraize SC, et al. (2007).
Gliaトcytokine-neuronal interactions underlying the mechanisms of persistent
pain. J A/eurosc/ 27(22);6006-1 8.
Hide I, Tanaka M, Inoue A, Nakajima K, Kohsaka S, Inoue K, et al. (2000).
Extracellular ATP triggers tumor necrosis factor-alpha release from rat microglia.
J Neurochem 75(3).'965-72.
43
Hide I (2003). [Mechanism of production and re一ease of tumor necrosis factor
implicated in in刊ammatory diseases]. Nippon Yakurigaku Zasshi 1 21 (3);1 63-73.
Honore P, Donnelly-Roberts D, Namovic MT, Hsieh G, Zhu CZ, Mikusa JP, et al.
(2006). A-740003 [N-(1 -{【(cyanoimino)(5-quinolinylamino)
methyl]amino}-2,2-dimethylpropyl)-2-(3,4-dimethoxyphenyl)acetamide】 a novel
and selective P2X7 receptor antagonist, dose-dependently reduces neuropathic
pain in the rat. J Pharmacol Exp Ther319(3);1376-85.
Inoue K, Koizumi S, Tsuda M, Shigemoto-Mogami Y (2003). Signaling of ATP
receptors in glia-neuron interaction and pain. Life Sci 74(2-3).1 89-97.
Inoue K, Koizumi S, Tsuda M (2007). The role of nucleotides in the neuron--glia
communication responsible for the brain functions. J Neurochem
1 02(5);1 447-58.
lnoue K, Tsuda M (2009). Microglia and neuropathic pain. Glia 57(14).1469-79.
Jin SX, Zhuang ZY, Woolf CJ, Ji RR (2003). p38 mitogen-activated protein
kinase is activated after a spinal nerve hgation in spinal cord microglia and
dorsal root ganglion neurons and contributes to the generation of neuropathic
pain. J Neurosci23(1 0);401 7-22.
Kim D, Kim MA, Cho IH, Kim MS, LeeS,Jo EK, etal. (2007). Acritical roieof
toll-like receptor 2 in nerve injury-induced spinal cord glial cell activation and
pain hypersensitivity. J Biol Chem 282(20)^ 4975-83.
Kobayashi K, Yamanaka H, Fukuoka T Dai Y, Obata K, Noguchi K (2008).
P2Y12 receptor upregulation in activated microglia is a gateway of p38 signaling
and neuropathic pain. J Neurosci 28(1 1 );2892-902.
Koyess E, Fares M (2006). Referred pain: a confusing case of differential
diagnosis between two teeth presenting with endo-peno problems. Int Endod J
39(9).724-9.
44
Marchand F, Perretti M, McMahon SB (2005). Role of the immune system in
chronic pain. Nat Rev Neurosci 6(7);521 -32.
McGaraughty S, Chu KL, Namovic MT, Donnelly-Roberts DL, Harris RR, Zhang
XF, et al. (2007). P2X7-related modulation of pathological nociception in rats.
Neuroscience 1 46(4);1 81 7-28.
Meller ST, Dykstra C, Grzybycki D, Murphy S, Gebha「t GF (1994). The possible
role of glia in nociceptive processlng and hyperalgesia in the spinal cord of the
rat. Neuropharmacology 33(1 1 ):1 471 -8.
MHigan ED, Mehmert KK, Hinde JL, Harvey LO, Martin D, Tracey KJ, et al.
(2000). Thermal hyperalgesia and mechanical allodynia produced by intrathecal
administration of the human immunodeficiency virus-1 (HIV-1) envelope
glycoprotein, gp120. Brain Res 861 (1);105-16.
M=igan ED, ○】Connor KA, Nguyen KT, Armstrong CB, Twinlng C, Gaykema RP,
et al. (2001). Intrathecal HIV-1 envelope glycoprotein gp120 induces enhanced
pain states mediated by spinal cord proinflammatory cytokines. J Neurosci
21 (8):2808-19.
Milligan ED, Twining C, ChacurM, Biedenkapp J, O'ConnorK, Poole S, et al.
(2003). Spinal glia and proinflammatory cytokines mediate mirror-image
neuropathic pain in rats. J /Veurosc/23(3);1 026-40.
Moreland LW, Baumgartner SW, Schiff MH, Tindall EA, Fleischmann RM,
Weaver AL, et al. (1997). Treatment of rheumatoid arthritis with a recombinant
human tumor necrosis factor receptor (p75)-Fc fusion protein. N Engl J Med
337(3).1 41 -7.
Mullberg J, Althoff K, Jostock T, Rose-John S (2000). The importance of
shedding of membrane proteins for cytokine biology. Eur Cytokine Netw
1 1 (1).-27-38.
NakagawaT, Wakamatsu K, Zhang N, Maeda S, Minami M, Satoh M, et al.
(2007). Intrathecal administration of ATP produces long-lasting allodynia in rats:
45
differential mechanisms in the phase of the induction and maintenance.
Neuroscience 1 47(2).-445-55.
Nakagawa T Wakamatsu K, Maeda S, Shirakawa H, Kaneko S (2008).
Differential contribution of spinal mitogen-activated protein kinases to the phase
of long-lasting allodynia evoked by intrathecal administration of ATP in rats. Biol
Pharm Bull 31 (6);1 1 64-8.
Obata K, Katsura H, Miyoshi K, Kondo T, Yamanaka H, Kobayashi K, et al.
(2008a). Toll-like receptor 3 contributes to spinal glial activation and tactile
allodynia after nerve injury. J Neurochem.
Obata K, Katsura H, Miyoshi K, Kondo T, Yamanaka H, Kobayashi K, et al・
(2008b). Toll-like receptor 3 contributes to spinal glial activation and tactile
allodynia after nerve injury. J Neurochem 1 05(6);2249-59.
Olson JK, Miller SD (2004). Microglia initiate central nervous system innate and
adaptive immune responses through multiple TLRs. J Immunol 173(6);3916-24.
Peng XM, Zhou ZG, Glorioso JC, Fink DJ, Mata M (2006). Tumor necrosis
factor-alpha contributes to below-level neuropathic pain after spinal cord injury.
Ann Neurol 59(5);843-51.
PiaoZG, Cho IH, ParkCK, HongJP, Choi SY, Lee SJ, et al. (2006). Activation of
glia and microglial p38 MAPK in medullary dorsal horn contributes to tactile
hypersensitivity following trigeminal sensory nerve injury. Pain 121(3):219-31.
Qin M, WangJJ, Cao R, Zhang H, Duan L Gao B, etal. (2006). The lumbar
spinal cord glial cells actively modulate subcutaneous forma一in induced
hyperalgesia in the rat. Neurosci Res 55(4).-442-50.
Ren K, Dubner R (2008). Neuron-gha crosstalk gets serious: role in pain
hypersensitivity. Curr Opin Anaesthesiol 21 (5):570-9.
Schafers M, Lee DH, Brors D, Yaksh TL, Sorkin LS (2003a). Increased
sensitivity of injured and adjacent uninjured rat primary sensory neurons to
46
exogenous tumor necrosis factor-alpha after spinal nerve ligation. J Neurosci
23(7);3028-38.
Schafers M, Svensson Cl, Sommer C, Sorkin LS (2003b). Tumor necrosis
factor-alpha induces mechanical allodynia after spinal nerve ligation by
activation of p38 MAPK in primary sensory neurons. J Neurosci23(7):2517-21.
Shiratori M, Tozaki-Saitoh H, Yoshitake M, Tsuda M, Inoue K (2010). P2X7
receptor activation induces CXCL2 production in microglla through NFAT and
PKC/MAPK pathways. J Neurochem 1 1 4(3);81 0-9.
Smith KJ, Skelton HG (2001). Rapid onset of cutaneous squamous cell
carcinoma in patients with rheumatoid arthritis after starting tumor necrosis
factor alpha receptor lgG1 -Fc fusion complex therapy. J Am Acad Dermatol
45(6):953-6.
Sommer C, Schmidt C, George A (1998). Hyperalgesia in experimental
neuropathy is dependent on the TNF receptor 1. Experimental Neurology
151(1);138-42.
Sommer C, Lindenlaub T, Teuteberg P, Schafers M, Hartung T, Toyka KV
(2001 ). Anti-TNF-neutralizing antibodies reduce pain-related behavior in two
different mouse models of painful mononeuropathy. Brain Res 913(1);86-9・
Spataro LE, Sloane EM, Milligan ED, Wiesele卜Frank J, Schoeniger D, Jekich
BM, et al. (2004). Spinal gap junctions: potential involvement in pain facilitation.
J Pain 5(7):392-405.
Staniland AA, Clark AK, Wodarski R, Sasso O, Maione F, D'Acquisto F, et al.
(2010). Reduced inflammatory and neuropathic pain and decreased spinal
microglial response in fractalkine receptor (CX3CRl) knockout mice. J
Neurochem 1 1 4(4);1 143-57.
Strassman AM, Vos BP (1993). Somatotopic and laminar organization of fos-like
immunoreactivity in the medullary and upper cervical dorsal horn induced by
noxious facial stimulation in the rat. J Comp Neurol331 (4);495-516.
47
Strassman AM, Vos BP, Mineta Y, Naderi S, Borsook D, Burstein R (1993).
Fos-like immunoreactivity in the superficial medullary dorsal horn induced by
noxious and innocuous thermal stimu一ation of facial skin in the rat. J
Neurophysio1 70(5):1 81 1 -21.
Surprenant A, Rassendren F, Kawashima E, North RA, Buell G (1996). The
cytolytic P2Z receptor for extracellular ATP identified as a P2X receptor (P2X7).
Science 272(5262).735-8.
Suzuki T, Hide I, Ido K, Kohsaka S, Inoue K, NakataY (2004). Production and
release of neuroprotective tumor necrosis factor by P2X7 receptor-activated
microgha. J Neurosci 24(1 ).:1 -7.
Svensson Cl, Schafers M, Jones TL, Powell H, Sorkin LS (2005). Spinal
blockade of TNF blocks spinal nerve ligation-induced increases in spinal P-p38.
Neurosci Lett 379(3):209-1 3.
Sweet WH (1984). Deafferentation pain after posterior rhizotomy, trauma to a
limb, and herpes zoster. Neurosurgery 1 5(6);928-32.
Takahashi K, Watanabe M, Suekawa Y, Ito G, Inubushi T, Hirose N, et al. (2010).
IL-1 beta in the trigeminal subnucleus caudahs contributes to extra-territorial
allodynia/hyperalgesia following a trigemmal nerve injury. Eur J Pain Article in
Press(
Takenouchi T, Sugama S, Iwamaru Y, Hashimoto M, Kitani H (2009). Modulation
of the ATP-lnduced release and processing of IL-1beta in microglial cells. Crit
Rev Immunol 29(4);"335-45.
Teixeira JM, Oliveira MC, Nociti FH, Jr., Clemente-Napimoga JT,
Pelegrini-da-Silva A, Parada CA, et al. (2010). Involvement of
temporomandibular joint P2X3 and P2X2/3 receptors in carrageenan-induced
inflammatory hyperalgesia in rats. Eur J Pharmaco1 645(1 -3).79-85.
48
Tozaki-Saitoh H, Tsuda M, Miyata H, Ueda K, Kohsaka S, Inoiie K (2008).
P2Y12 receptors in spinal microglia are required for neuropathic pain after
peripheral nerve injury. J Neurosci 28(1 9):4949-56.
Tsuda M, Shigemoto-Mogami Y, Koizumi S, Mizokoshi A, Kohsaka S, Salter MW,
et al. (2003). P2X4 receptors induced in spinal microglia gate tactile allodynia
after nerve injury. Nature 424(6950).778-83.
Tsuda M, Mizokoshi A, Shigemoto-Mogami Y, Koizumi S, Inoue K (2004).
Activation of p38 mitogen-activated protein kinase in spinal hyperactive
microglia contributes to pain hypersensitivity following peripheral nerve injury.
G//a 45(1 ):89-95.
Va‖ejo R, Tilley DM, Vogel L, Benyamin R (2010). The role of glia and the
immune system in the development and maintenance of neuropathic pain. Pain
Pract 1 0(3):1 67-84.
Watanabe M, Tanaka E, Suemune S, SatodaT, Maeda N, UchidaT, et al.
(2003). Expression of c-Fos protein in the tngeminal nuclear complex resulting
from quantified force application to the rat molar. J Oral Rehabil30(1 1);1 128-37.
Watkins LR, Hutchinson MR, Milligan ED, Maier SF (2007). "Listening" and
"talking" to neurons: implications of immune activation for pain control and
increasing the efficacy of opioids. Brain Res Rev56(1);148-69.
Werry EL, Liu GJ, Bennett MR (2006). Glutamate-stimulated ATP release from
spinal cord astrocytes is potentiated by substance P. J Neurochem
99(3) ;924-36.
Wood PL (1994). Differential regulation of IL-1 alpha and TNF a一pha release
from immortalized murine microglia (BV-2). Life Sci55(9);661-8.
Wu FX, Bian JJ, MiaoXR, Huang SD, Xu XW, Gong DJ, et al. (2010). Intrathecal
siRNA against To間ke receptor 4 reduces nociception in a rat model of
neuropathic pain. lntJ Med Sci7(5)25'¥-9.
49
Xu L, HuangY, YuX, YueJ, Yang N, Zuo P (2007).The influenceofp38
mitogen-activated protein kinase inhibitor on synthesis of inflammatory cytokine
tumor necrosis factor alpha in spinal cord of rats with chronic constriction injury.
Anesth Analg 1 05(6).-1 838-44, table of contents.
Ying B, Lu N, Zhang YQ, Zhao ZQ (2006). Involvement of spinal gha in
tetanically sciatic stimulation-induced bilateral mechanical allodynia in rats.
Biochem Biophys Res Commun 340(4).-1 264-72.
Zimmermann M (1983). Ethical guidelines for investigations of experimental pain
in conscious animals. Pain 16(2);109-10.
Zhao P, Waxman SG, Hains BC (2007). Extracellular signaトregulated
kinase-regulated microglia-neuron signaling by prostaglandin E2 contributes to
pain after spinal cord injury. J Neurosci 27(9).2357-68.
井上和秀(2008a).痛みの病態生理学　最近の知見から　痛みとグリアの働き.
屠桝25(6):959-966.
井上和秀(2008b).ミクログリアと神経因性痔痛　エコファーマヘの挑戦.有
用医学務詳99(1 2);239-245.
津田誠,井上和秀(2006).脊髄ミクログリア細胞の痛みへの役割. Pain
Research, pp. 1-4.
津田誠井(2007).神経因性痔痛と脊髄ミクログリアのAtp受容体. BRAINand
NERVE:榔努の進歩59(9):953-959.
福田謙-,笠原正貴,一戸達也金子譲(2003).痛みのメカニズムとその対応
口腔顔面痛の実態と歯科臨床における問題点歯牙展望101(6);1303-1309.
平沢　興,岡本道雄(1992).分担解剖学2.金原怒好夜話会が第11版
(402-404.
別部智司(2001). 【難治性痔痛】　歯科における難治性痔痛.痛みと鹿床
1 (3);279-287.
50
謝辞
本研究に際して、終始ご懇篤なるご指導ならびに御校閲を賜りました広島大
学大学院医歯薬学総合研究科展開医科学専攻顎口腔軍部医科学講座(歯科矯正
学)丹根一夫教授に心から感謝の意を表します。
また、本論文の作成にあたり、ご教示、御校閲を賜りました医歯薬学総合研
究科展開医科学専攻病態制御医科学講座(歯科麻酔学)入船正浩教授、医歯薬
学総合研究科展開医科学専攻病態制御医科学講座(口腔成長・発達生物学)前
田憲彦教授、医歯薬学総合研究科創生医科学専攻病態探究医科学講座(歯科薬
理学)森田克也准教授に深甚なる謝意を表します。
さらに、本研究の遂行及び論文作成にあたり、多大なご指導、ご協力をいた
だきました探索医科学講座(口腔細胞生物学)渡遣峰朗助教、ならびに顎口腔
頚部医科学事毒座(歯科矯正学)の教室員各位に深謝いたします。
最後に、勉学、研究の機会を与えるとともに、常に私を支えてくれた家族と
友人に心から感謝いたします。
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